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The stimulus to fat catabolism is not the quantity
of fat available, but either the absence of dietary
carbohydrate or the depression of carbohydrate metabolism.
This leads one to think that any condition resulting in
the deficiency of calories may stimulate the fat depots
to release fat in the form of NEFA, in order to supply
energy. Adipose tissue is probably the chief source
of fat released into the blood stream. Dole, Gordon
and Cherkes and others found that the level of NEFA
in the plasma was profoundly affected by the nutritional
state. For instance, it is raised by factors such as
fasting, and diabetes with or without ketosis and lowered
by glucose ingestion and amino-acid administration
(for reference see Chapter III).
When the present work began, there were no published
reports of the effect of exercise on plasma NSFA, although
several have appeared more recently. The first
question asked was: "Does NEFA act as an important fuel
for moderate muscular exercise, such as walking and
everyday activities?"
The experiment, reported in Part I in which the NEFA
level during exercise was measured in a number of subjects
under different conditions, leads to the conclusion that
large amounts of NEFA may be mobilised and utilised
during moderate exercise. The results of others
published since this work began are also consistent.
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The question then arose: "What factors are responsible
for the mobilization of fat as NEFA?" It is now well
known that the NEFA level is affected by many hormones,
notably adrenaline, growth hormone and insulin etc.
In Part II experiments are reported showing the effects
of these hormones on NEFA levels on man and intact rats
and also on the liberation of the NEFA by rat adipose
tissue in vitro. It does not appear possible to state
precisely the factor concerned in the mobilization
during moderate exercise.
PART I




PREVIOUS VIEWS REGARDING THE FUEL OF MUSCLE
CARBOHYDRATE AS THE «PRIME FUEL' OF MUSCLE The nature
of the fuel utilised by the working muscle is an old
physiological problem. Many physiologists have
considered that carbohydrate was the sole fuel of muscle.
CI. Bernard was of the opinion that the grape-sugar which
he had discovered in the liver and in the blood might by
its oxidation in the tissues take an important part in
the production of heat and of mechanical energy. Seegen
(1891) went much further than this, holding that
muscular energy is solely obtained from the oxidation
of dextrose brought to the muscles by the blood,
whether glycogen was present or absent in the liver.
Chaveau and Kaufmann (1887) like Seegen found a
similar difference in the amount of sugar of blood in the
and
venousfyarterial blood supply of muscle. All these
workers support the argument that the work is done at the
expense of carbohydrate.
As long ago as L866 Pettenkofer and Voit showed
that mechanical work did not increase protein metabolism
and this has since been confirmed.
In 1907, Fletcher and Hopkins revealed the relation
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of lactic acid to muscular activity and this drew attention
to the importance of carbohydrate in the muscle.
Subsequently, Meyerhof (1919) and A.V, Hill (1924,
1925) and others in experiments on isolated muscle
preparations showed the close relation of carbohydrate
breakdown and lactic acid formation with the
development of muscle tension and the liberation of heat.
A.V. Hill's lecture on 'Lactic acid as the keystone of
Muscular Activity' (1926) helped to lead to the idea
that carbohydrate was the sole fuel of muscle.
MacLeod (1928) in his book 'The Fuel of Life',
has assembled the material and arguments in favour of
the fat to carbohydrate transformation theory. Most
biochemists became sceptical as to whether fat is normally
converted to carbohydrate in the body. In this they
have been supported by Rapport (1930), who showed how
unsatisfactory was all the evidence in favour of the
formation of carbohydrate from fat in the body.
In 1952, Lovatt Evans stated an orthodox view as
follows 'Fats must often be utilized for the carrying
on muscular work. For this to take place, it is
probable, however, that they are first converted into
carbohydrate and stored in the muscle as glycogen'.
However, the classical work on carbohydrate is
undoubtedly correct so far as the immediate source of
fuel for a sudden burst of hard exercise is concerned.
Glycogen is the one fuel immediately available in muscle
arid its breakdown to lactic acid certainly provides
the energy for any burst of activity. But this
mechanism is probably responsible for no more than a
small fraction of the energy utilised in long-continued
muscular work. It will not be illogical, therefore,
to suppose that carbohydrate may not be the sole fuel
of muscular energy.
FAT A3 A SOURCE OF KlidRGY The lipids of the blood
have not been studied in relation to exercise to the same
extent as carbohydrate.
The biochemists often used to omit any reference to
the fuel of muscle, but at one time they would have
agreed with the conception of Peters and Van Slyke (1946).
They observed that fat was carried from the adipose
tissue to the liver, where it was converted into
ketone bodies. The ketones wore then available to
meet the energy requirements of muscle. Modern
ideas stem largely from the experiments of Stetten and
Boxer (1944) with the aid of deuterium. They
showed in rats on a high carbohydrate diet that only
about 3/3 of the dietary glucose was handled as glycogen
and at least 10 times as much as was used to
synthesize fatty acids as to synthesize glycogen.
Before that Gemill (1942) reviewed other preisotope
experiments which were designed to investigate the fuel
for muscular exercise. From his experiments it was
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concluded that though carbohydrate was 'prime fuel', fat
also can be U3ed by muscles. This evidence was
derived from the low R.Q, values found in exercising
subjects or isolated muscle preparations.
The wor£ of Andres et al. (1956) supports the view
that fat is responsible for the production of energy.
These workers measured the oxygen consumption during
forearm exorcise in man. They have shown that the
glucose disappearance from blood cannot account for
the oxygen consumption, even if the whole amount of
glucose were oxidized to Cop. On the basis of an
average R.Q. of 0.80 together with other considerations,
these workers have postulated that fat may be the
major substrate of skeletal muscle, which supports the
work of others (Geyer et al.. 1949; Volk et al.. 1952;
Hansen and Rutter, 1952; Tepperman et al.. 1956).
The experiments of Fritz et al. (1958) with isolated
skeletal muscle showed that fatty acid oxidation was
doubled during experimentally induced activity. It
was observed that the increment of fatty acid oxidation
with stimulation was greater than the percentage increase
in oxygen consumption. These data demonstrate that
the fuel of muscle during exercise probably includes
fatty acids. The fall in R.Q. found in these
experiments is also compatible with the hypothesis
that fat is oxidized at a faster rate during exercise*
s
The data from above experiments suggest that the
metabolism of fatty acids by muscles is potentially
an important source of energy. This fatty acid
fraction of the fat is presumably the non-esterified




ROLE OF NON-ESTERIFISD FATTY ACID
The fraction of the total fatty acids of blood
known as non-esterified fatty acid, is metabolically
important, though quantitatively small {2.-% of total
blood lipids). Unesterified fatty acid (UFA) and free
fatty acid (FFA) have also been used to describe the
same fraction. UFA may be a true synonym, but there is
always the chance of confusion with unsaturated fatty
acids and NEFA is generally preferred.
The terra free fatty acid is not strictly accurate,
for this fraction never exists in a free form but
always in loose combination with plasma albumin
(Gordon et al.. 1953; Selden and Westphal, 1955).
Slightly less than one molecule of NEFA was found
per molecule of albumin in normal rats, rabbits and
bovine plasma and this also is the usual range in
human plasma. However, one molecule of albumin can
carry up to 6 molecules of NEFA (Gordon et al.
1953). The NEFA fraction exists in plasma primarily
as anions, though at the pH of plasma about 1 per cent
of the fatty acid is undissociated (Markley, 1947).
This fatty acid fraction has been recognised for
about 80 years. Hoppe-Seyler (1883-84) reported the
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presence in the blood of rabbits, horses and dogs of
about 0.05-0.12% of the fatty acid which was not
esterified. This he obtained from the serum after the
analysis had been done for several times. Little
interest was taken in the discovery at the time.
Szent-GyiJrgy and Toninaga (1924) obtained similar
results but these were considered by other workers to
be artefacts. It now appears that the NEFA
concentrations found by these two workers were within
the normal range.
Some years later, Kelsey and Longenecker (1941),
described the recovery of NEFA by fractionation of the
lipids extracted from bovine plasma* They tabulated
the fatty acids found in the NEFA fraction and
observed mostly palmitic, oleic and linoleic acids
with small amounts of stearic, myristic and arachidonic.
But their results are open to question. As the time
required for processing so large a quantity of plasma
(90 litres)was long, they considered that some lipid
esters might have undergone hydrolysis in vitro, with
the artefactual production of NEFA,
Cohn and his collaborators (1947), isolated N3FA
which were uniformly present in the albumin fraction
of human plasma. Information regarding the
individual fatty acids of the human i'EFA fractions
is limited to one study by Dole (1957) in which by
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means of silicic column chromatography, palmitic and
oleic acids were identified. This experiment confirmed
the report of Kelsey and Longonecker (dee above).
More recent and detailed fractionation with gas phase
cliromatography shows traces of short-chain acids
starting with C^, but no major amount is obtained until
G-^ is readied. according to Hanahan and Dittmer (I960)
within the neutral lipid fraction oleic, linoleic and
palmitic acids appeared to a great extent as triglyceride
■
while stearic acid was found to be more significantly
associated with cholesterol asturs* These four acids
comprised about 50;, of NHFA fraction.
Patty acids of short-chain length (volatile fatty
acids) occur in plasma, particularly in ruminants.
The methods for the estimation of these acids are such
that fatty acids incorporated with glycoridas or
strongly bound to protein could not be recovered.
TURKOVdR iua* OF liiuFA According to Shreeve ojL&l* (1956),
although the plasma concentration of MI3PA is low, the
amount of potential energy delivered to colls by the
rapid turnover of this fraction is more than double
the calorie value of the glucose stream.
Table I. gives the approximate calorie values of
glucose and NliFA pools along with the turnover percentage












SOURCE OF NEFA The non-esterified acids of plasma
may originate from the following sources.
1. THE HYDROLYSIS OF PLASM TRIGLYCERIDES
The production in vitro of NEFA by the action of
lipoprotein lipase (clearing action) on the
triglycerides of chylomicrons, lipoproteins and
artificial fat emulsions has been repeatedly demonstrated
(Robinson and French, 1953; Shore et al.. 1953;
Korn, 1955; BorgstrSm and Carlson, 1957). The same
process is believed to occur in vivo following the
injection of heparin (Havel, 1957; Spitzer and Miller,
1956). It was observed that in the absence of
exogenous heparin, there was a rise in NEFA levels after
injection of artificial fat emulsions (Grossman et al.r
1955; Moeller et al.. 1955).
2. FROM ADIPOSE TISSUE This is the probable source of
NEFA. The largest arterio-venous difference is
encouY\tbred in the greater saphenous vein which drains
a subcutaneous area rich in adipose tissue (Gordon,
Cherkes and Gates, 1957). However, the production
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of N1SFA from other tissues either in vivo or in vitro
is not reported. So, at least up to this tine, it
must be considered that endogenaous NISFA may originate
solely from adipose tissue (as opposed to NEFA
production from dietary fat during alimentary lipaemia).
THE E, FECT OF iiUTRITIOILVL STATS ON THE PLASMA N3FA
It has been found that the concentration of USFA
in the plasma was increased during fasting (Laurell, 1956),
after adrenaline injection (Gordon and Cherkes, 1956;
*
Dole, 1956), in diabetic acidosis (Laurell, 1956;
Bierman et al.. 195?a) a3 well as in the 'controlled'
diabetic state (Bierinan et al.. 1957a) and after
administration of growth hormone (Raben and
Hollenborg, 1953).
On the other hand a decrease was observed after
administration of glucose (Gordon and Cherkes, 1956;
Dole, 1956) amino-acida (Gordon, 1957), glucagon
(Bierman et al.. 1957b) and insulin (Dole, 1956).
Also, it was shown that addition of sugar or
insulin in vitro de n-eases oxidation of fatty acids
by liver slices (He.ugaard and Stadie, 1952; Lossow
and Chaikoff, 1955) or by sections of muscle (Wertheimer
and Ben-Tor, 1952). Carbohydrate feeding decreases
hydrolysis of triglycerides in the liver (Lossow and
Chaikoff, 1955) and promotes synthesis of various









Fig. 1# Symbolic representation of the balnnce between
acetate, H£FA and esterifled lipids within cells.
Although the mechanists is still obscure, it
seems generally true that increased oxidation
of carbohydrates shifts the balance toward
synthesis (Dole, 1953, p« 194).
Fig. 2. Map of hypothesis. Tho process governing
synthesis and hydrolysis of fat (Fig. 1.) is
supfjooed to be operative in both storage and
working coils. (Dole, 1953, p. 195).
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All these findings have been interpreted fcQ
mean that NEFA is a major link in the transport of
fat from the fat depots to the peripheral coll and the
level of energy production in some way controls the
movement of N3FA. It seems that utilization of
carbohydrates promotes synthesis of lipids and depletion
leads to oxidation. The Fig. 1 will symbolise this
dynamic balance.
If the NEFA fraction is an important means of
transport, as it seems to be, conversion of triglyceride
to ftEFA in storage colls and oxidation of NSFA to
acetate in liver and other working cells must be
closely correlated. The Fig. 2 may explain this
(Dole, 1958).
THE PRESENT INVESTIGATION ON THE SFFSOT OF EXERCISE ON
THE PLASMA HSFA LEVEL
The above hypothesis implies that the outflow of
l-IEFA from storage would vary in response to change in
catabolism of fatty acids. The shift to hydrolysis
of the triglyceride from the adipose tissue will
probably increase the plasma level.
All the work done by previous workers, which was
mentioned before, showed that calorie deficiency
which was due to lack of a non-fat source, resulted in
the mobilization of fat as HEFA in blood. Thus
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moderate exercise in the post-absorptive state which
increases caloric requirements, might be expected to
act as a stimulus for catabolism of fat. With this
view the present experiments were planned.
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CHAPTER IV
ESTIMATION OF i!Qi!-E3T3RIFIED FATTY ACIDS
PRINCIPLE Fatty acids are extracted from solution
in the plasma water by a mixture of lipid solvents.
This separates the fatty acids from other organic acids
which are soluble in water but not in lipid solvents.
.
This results in a two-layered or two-phase system.
EXTRACTION MIXTURE Folch, Lees and Sloane-Stanley (1954)
used methanol-chloroform as an extraction mixture.
Blankenhorn and Ahrens (1955), employed heptane-e thanol*
Dole (1956) introduced heptane and isopropyl alcohol,
finding heptane to be a more convenient solvent than
chloroform. This mixture contains isopropyl alcohol,
40 parts, heptane, 10 parts and INH2SO4, 1 part.
During the present investigation it was found that with
this proportion it was difficult to get a two-layered
system, and different proportions of iat solvents were
tried. To get the best separation of the layers two
different extraction mixtures were U3dd. Mixture A
consisting of isopropyl alcohol, 30 parts, heptane,
20 parts and INH2SO4, 1 part was used for plasma and
unknown aqueo as solutions. Mixture B, consisting
of isopropyl alcohol, 30 parts, heptane, 10 parts and
INH2SO4 1 part was used for standard solutions of
palmitic acid in heptane. The standard palmitic acid
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solution was made by dissolving 2.56 g. of pure
palmitic acid in 100ml. heptane. For this purpose
palmitic acid (B.D.H.) was re-crystallised from heptane.
Purity was tested by the melting point of the
re-crystallised material (m.p. 64).
The two extraction mixtures were used in order to
get the same volume of the upper layer (5ml.) in each
case even when the solution contained heptane.
In the preparation of extraction mixtures and
standard solution, re-distilled isopropyl alcohol and
heptane were always used.
TITRATTON MIXTURE (INDICATOR) A stock solution of thymol
in ICO ml.
blue was prepared by dissolving 100 mg,Aof 90% alcohol.
For everyday use the stock solution was diluted in the
proportion of Is10 with absolute alcohol. So, the
strength of this became 0,01%. As the titrable
acidity of the alcohol increases over a period of
several day3, freshly prepared mixture must be made
just before the titration is started (Dole, 1956).
ALKALI 0.02N HaoH was used. It was made by diluting
a stock solution of N/l0 NaoH.
PROOBD'JRE Blood was collected in a syringe or vessel
containing two drops of heparin CLiquemin', Roche).
The blood was transferred bo a centrifuge tube
within 10 min. and centrifuged at 3,000 r.p.m. for
about 10-15 min. 1 ml. of plasma was transferred to a
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glass-stoppered test tube and 5 ml. of extraction
mixture were added to it. It was then shaken
vigorously for about a minute and allowed to stand for
10 min , 2 ml. heptane and 3 ml. distilled water
were added. Dole used Co^-free distilled water.
This refinement xjus found to be unnecessary, if either
freshly distilled water or de-ionised
water was used. The only precaution necessary is that
water must be freshly distilled from glass and kept
in a well corked flask provided with a side tube
containingOalsodato absorb atmospheric Ck>2» The
test tube was again shaken vigorously for 30 sec. and
left for 10 rain, as before.
1 ml# of distilled water and 1 ml. of standard
palmitic acid were treated in the same way except the
extraction mixture B was added to the latter. These
serve as the 'blank' and 'standard' respectively.
After standing for 10 min., the liquid in the test
tube was separated into two phases. The upper 5 ml.
contained the fatty acid in heptane. From this a
3 ml. aliquot was transferred to a 10 ml. conical
centrifuge tube containing 1 ml. of titration mixture.
This was titrated with alkali by using the micro-burette
of a 'Kopp h talson Micro-gasometer Model 600'. The
burette is attached to the reservoir of this apparatus
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by means of a connector, and is of 0.12 ml. capacity
and calibrated in xri.de divisions of 1 pi. This reduces
the reading error and permits estimation to 0.1 pi.
The burette communicates with the micro-gasometer
by means of two stop-cocks. Filling and emptying
the burettes is done by means of a hand wheel attached
to the base of the micro-gasometer. The whole
burette can be filled up with mercury. The burette
is filled up xrith alkali by bringing the mercury in
contact xrith the reagent and draxring it in.
Before the titration was started the tip of the
burette xjas wiped out by means of a filter paper.
Throughout the titration nitrogen gas x/as bubbled
through the solution from a polythene tube. This gas,
from a cylinder, at first passed through alkaline
pyrogallol to absorb traces of Cop or Op. Nitrogen
was necessary to keep the tx/o phases together i.e. to
prevent the phases from separation (titration mixture
and heptane containing the sample), as well as to expel
C02 coming from the outside atmosphere. Before the
titration was started, nitrogen was bubbled through
the solution for 30 sec. to expel any Co;? present.
The end-point i3 the change from pink to a
greenish-yellow colour. A good light is essential
to note the change in colour. For this reason a
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portable fluorescent lamp was kept above and just in
front of the titration tube# As the end-point was
approached, the gas stream was interrupted from tine
to time to allow examination of the indicator in the
alcoholic phase.
CALCULATION For the titration of the non-esterified
fatty acid .02 H NaoH was used, containing .02 f"'ole/
litre or .02 juli/pl. A 3 ml# aliquot was taken out
of the 5 ml. volume of the upper phase, was titrated
by NaoH and the reading recorded in pi. So, the total
amount of the non-esterified fatty acids in the
original sample will be calculated as follows#
Total amount of NEFA in the original 1 ml. sample
= .02 x 5- (the amount of NaoH added in pi -
the amount of NaoH in ul required
by the blank)
= .02 x 4 x the corrected amount of NaoH
in pi.
- .033 x the corrected amount of NaoH in ul
was the amount in p3 »/ml.
COMPARISON WITH 0THSH METHODS Dole showed that other
organic acids such as pyruvic, acetic and citric do
not interfere with his method# He does not mention
lactic acid. In the present investigation, it was
found that 2% lactic acid in the solution, did not
interfere# Trout et al. (I960) have also shown that
lactic acid does not interfere with their method,
which is a slight modification of Dole's.
)} mole/1 of Standard Palmitic Acid
Fig. 3. See text.
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There are some other methods of estimation of NEFA.
Gordon, Cherkes and Gates (I957j> treated the plasma
after it was freeze-dried with glacial acetic acid and
isoKctane. This method is time consuming as well as
needing special type of apparatus. Whereas Dole's
method is suitable for a clinical laboratory. A
drawback is that blood sample must be analysed within
8 hours and after standing overnight on the biench
or in a refrigerator there is usually a fall in the
NEFA titre.
RECOVERY A known amount of the standard palmitic
acid solution was added to plasma and titrated in each
experiment. Table II shows the percentage recovery
of palmlticacid from 100 samples. This Table shows
that 90% of the results were within + 5% and the extract¬
ion process was probably complete.
Titration of graded amounts of palmitic acid
against 0.02 N NaoH in ill is shown in Fig. 3 after
the blank has been subtracted from it.
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TABL3 II
Percentage recovery of palmitic acid added to one hundred
samples









FORM OF EXERCISE In order to observe the effect of
moderate exercise on the level of non-esterified
fatty acid, walking was selected as the standard
activity.
Stepping, walking, and stationary cycling are
all forms of exercise suited to laboratory investigation.
Stepping (which usually includes steeping backwards)
and cycling are forms of exercise to which not everyone
is accustomed. Moreover, these forms of exericse
require full co-operation of the subject to maintain
a 'steady state' of work.
The concept of 'steady state' of exercise was
established by the work of A.V. Hill and his colleagues
(1924). Provided the rate of work does not exceed
a certain limit (the 'crest-load', set by aerobic
capacity), a state is reached, soon after beginning
exercise, in which the 0^ uptake remains almost constant
and which may be maintained for an hour or more.
During the steady state there is approximate
constancy of pulmonary ventilation, artorio-venous
Op difference, cardiac output, heart rate and other
variables. Above the crest-load 0? uptake may
TABLE III




R.P. 49 m 63.4 182 0.30
A.B. 32 f 73.2 160 1.26
R.J.C. 22 m 70.0 176 0.67
M.H.D. 38 m 65.5 178.8 0.69
K.B.R. 36 m 79.5 181.3 0.61
S.L. 27 f 60.0 168 0,64
P.G. 21 f 65.1 168 0.67
L.T. 23 f 63.7 177 0.67
M.B. 21 m 61.0 182 0.84
M.H. 24 m 63.5 170 0.73
M.J.H, 22 m 104.0 183 1.01
G.G.W. 21 m 63.9 178 0.88
Ago, sex, weight, height and fasting plasma HEFA level
of 12 healtly subjects.
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become steady but the exercise can bo maintained
only for a short time and other variables do not
reach a 'steady state'. Moreover, the use of a
single standard exercise simplifies the procedure.
So, in the present investigation walking is selected as
the form of exercise.
SUBJECTS Twelve healthy students and research workers
acted as subjects. Among them were 8 males and
4 females. Their age, height, weight and fasting
level of plasma NEFA is given in Table III,
They were told not to take any food after 6 p.m.
on the evening before the day of the experiment. Also
they were asked to avoid carbohydrate food as far as
practicable. Gordon and Cherkes (195 )
formulated the hypothesis that NiiFA serves during
fasting as a transport of fatty acid. The present
investigations were therefore carried out 14-16 hours
after the last meal.
The subjects, who were not familiar with the tread¬
mill and respiratory apparatus, came before the day
of the experiment. They walked on the treadmill for
some time and sample of expired air was coLlected. All
this wa3 done to get them accustomed to the motion
of the treadmill as well as to the use of the
mouth-piece of the respiratory apparatus.
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All the subjects attended the laboratory at
8.30 a.m. having had no breakfast. They -were warned
not to drink any tea or co fee with milk and sugar
before coining to the laboratory. All the subjects
except one came to the laboratory without having
any tea or coffee. Also, they were told not to hurry
to the laboratory before the experiment.
After they arrived at the laboratory they lay
down comfortably on a couch kept at the laboratory
for about 20-30 minutes. The temperature of the
room was kept between 65-67° C, either by extra
heating during the winter or by extra ventilation
during the summer.
After their rest (for 20-30 minutes), an expired
air sample was collected in a Douglas bag (Douglas, 1911)
Then, a blood sample was taken from the ante-cubital
vein by means of a syringe to which heparin ('liquemin1)
was added beforehand. For, the first sample 20 ml.
blood was drawn. This was cenfcrifuged for 15 minutes
and then transferred to a centrifuge tube as mentioned
in Chapter IV. Before the centrifugation was done
0.1 ml. was pipetted into a centrifuge tube containing
3.3 ml. of isotonic sodium sulphate - copper sulphate
solution for estimat on of blood glucose.
The plasma obtained after centrifugation was
transferred to a bottle which was left in the
refrigerator until all the blood samples were collected.
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After collection of aspired air and the fasting blood,
the subject started walking on the treadmill for an hour.
The healthy men walked at 4 ra.p.h. on the level. This
was rather fast for women, who walked at 3 ta.p.h.
The exercise consisted of four periods of 15
minutes each accurately timed by stopwatch. During
the last 5 minutes of oach 15 rain, period expired air
was collected and ventilation measured for determination
of oxygon consumption and R.Q. After each 15 rain,
period the subject lay on a couch while 10 ml, of blood
\ma tskon into a heparin!sad syringe. This was
easily accomplished within 1 rain, after which the
subject rosuraed walking up to the end of the hour's
exercise.
In addition to the experiments mentioned above,
seven more were done. Of these, four consisted of a
10 rail© walk in 150-180 rain, depending on spaed. In
one 25 g. of glucose was given by mouth during every
15 mln. rest interval.
The sixth experiment was the heavy exorclso, with
a 10 kg. load on the baek walking at an incline of 6;
at 4 ra.p.h.
The last experiment was the three consecutive runs
of one mile with intervals. Bach run was in
5 rain, 30 sec, followed by a rest lasting 9 rar'.n, 30 sec.
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METHODS
RESPIRATORY EXCHANGE A Kofranyi-Michaelis respirometer
(Kofranyi and Michael!s, 1940) was used for the collection
of air samples during exercise. Expired gas was
analysed by the Haldane method; duplicates were
required to agree within 0,02 volume per cent for both
0g and C02.
CHEMICAL ANALYSIS Plasma NSFA was estimated by the
method described in Chapter III, Blood glucose was
estimated by the method described by King and Wooton
(1956).
TABLE IV
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Mean and standard deviations^
Experiment No* 10 experimeiSfc&gect Healthy Age Ht. Wt.
Exercise An hour walk on treadmill





EFFECT OF Ali HOUR'S WALK OH PLASTSA NSPA
Table IV summarizes the changes in the plasma NEFA,
blood glucose, oxygen consumption and R.Q. in ten healthy
subjects during moderate exercise. The changes in the
plasma H.EFA, blood glucose, oxygen consumption observed
in the individual subjects are given in the appendix.
The average fasting level was 0.76 m-mole per litre.
This agrees with the findings of other \rorkers. For
instance, Dole (1956) found a fasting level of 0.50-0.90
mEq/l in 3 healthy males. Gordon and Cherkes (1956)
found a concentration of 0.30-0.80 raEq/l in seven
healthy young men. Anfinsen (1956) and Grossman et al.
(1955) found similar values.
In the present investigation the mean value for
NEFA during the exercise increased from 0.76 to 1.44
m-mole/l and for the blood glucose, fell from 4.60 to
4.07 m-mole/litre. Blood glucose is expressed as
m-mole/litre instead of as mg» per 100 ml.., because it
seems reasonable to use comparable units. The R.Q.
rose at the start and then fell slightly. The oxygen
consumption changed little throughout the walk.
0-88 r
30 45 60 75 90 105 120
MINUTES WALKING
Fig. 4. The effect of walking at 4 m.p.h. in the
post-absorptive abate on the R. blood sugar
and plasma non-esterifiad fatty acid in a
normal healthy man.
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A search was made for correlations between the
extent of the N3FA rise and the levels of blood sugar and
the R.Q.s. in individual subjects and also the degree
of obesity (as judged by the height/weight ratio). No
correlations could be found, nor was any found between
the extent of the rise and rates of oxygen consumption.
(Results published in Quart. J. exp, Physiol. (I960)
11, 312,
ADDITIONAL OBSERVATIONS ON liLFA L2VEL IN EXERCISE
Some additional observations were recorded during
walking for longer periods, after running and during
heavy exercise by wnJLking uphill with loads. Fig. 4
shows the results in one normal subject, who continued
to walk at 4 m.p.h. for two hours. There was a steady
rise in plasma HEFA throughout this period. The final
value was 2.30 n-mole/litre. There was a gradual
fall of R.Q. from 0.34 to 0.79. The blood sugar also
showed a fall from 4.2 m-mole/litre to 3.28 m-mole/litre.
Calculations from the respiratory exchanges and urinary
nitrogen during this walk indicated that about 55 g.
of fat had been mobilized and utilised luring the two
hours.
In two other experiments, the same subject walked
for 150 minutes (Tables V and VI). In one the NSFA
rose to 1.72 m-mole/litre in 60 yinutea and thereafter
TABLE V
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. \ Subject R.P. Age 49
Exercise Walk for 150 min. at 4 m.p.h. on treadmill
NEFA Glucose
m-mole/litre m-mole/litre






Exercise for min. 1.42 - 1128 0.81
« » 60 n 1.72 - 1199 0.78
« « 90 " 1.92 1311 0.78
n n 120 » 1.75 _ 1187 0.78






Effect of Exercise on the Level of Non-esterifled. Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. Subject p Age 49 Ht* 182cm. Wt* 63.4 kg.
Exercise









Exercise for min. 0.98 mm 0.88
« « 60 n 1.28 mm 1086 0,34
n n 90 n 2.03 1103 0.83
n tt i2Q « 2,44 mm 1095 0.82




changed little. In the other there was a steady-
rise which reached 2.94 m-mole/litre after 150 rain.
This was associated with a large fall in R.Q.
Tables VII and VIII show the rise in NEFA in two
subjects during walks of 145 minutes and 180 minutes.
During these two experiments blood was first drawn at 85
and 90 minutes respectively.
Table IX shows the effect of heavy exercise (walking
with a load of 10 kg. at an incline of 6;„) for 50 minutes,
by which time the subject, a heavy man, was completely
exhausted. The NEFA level was then 1.79 m-r ole/litre
The blood glucose did not show any consistent change
but varied from 5.47 m-mole/litre to 5.11 m-raole/l.
The R.Q. was high throughout the exercise, but there was
a slight rise.
Table X shows the NEFA level after three consecutive
runs of one mile. Each run was completed in 5 min. 30 sec.
and there was a recovery period of 9 min. 30 sec.
between the runs. The blood sample was taken at the
end of recovery. Expired air was not collected.
Plasma NEFA showed only a small rise after the first
run and then remained approximately constant. It was
0.81 m-mole/l at the start and after 15 minutes at the
end of recovery increased to 1.01 m-mole/l and more or
less remained the same throughout. Blood glucose
fell from 5.12 m-mole/l to 3.67 m-mole/l after first
TABLE VII
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. ^5 Subject p.j.H. 22 Ht. 183 cm. Wt.l04kg.
Exercise mile's walk for 145 min, (5 miles on the Meadows and 5 miles over w
the treadmill)
NEFA Glucose 0„ used
^
m-mole/litre m-mole/litre ml/min f
TABLE VIII
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. 16 Subject G.G.tf. Age 21 Ht. 178 cm. Y/t. 63.9 kg







Bhsal 0.96 4.28 200 0.98
Exercise for min.
After 90 min. 1.08 3.45 - -
« 120 * 1.67 3.00 1145 0.81
* 160 « 1.99 3.00 1590 0.85
* 180 » 2.37 3.00 - mm
Recovery for min.
1 " i 1
TABLE IX
Effect of Exercise on the Level of Non-esterifled Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. 3^4 Subject m.J.H. ^6® 22 Ht- 183 cm. wt* 104 kg
Exercise for 50 min. at 4 m.p.h# 6%, gradient with 10 kg. load
NEFA Glucose 0„ used
m-mole/litre m-mole/litre ml/min R.Qi
Basal 1.04 5.47 346 0.82
Exercise for min. 1.62 5.47 2677 0.91
n » 50 n 1.79 5.11 2533 0.90
•






Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. 17 Subject G.G.W. Age 21 Ht. 178 cm, Wt. 63.9 kg<
Exercise Three consecutive one mile runs (one mile run/5 min, 30 sec.)
NEFA Glucose Op used ^
m-mole/litre ta-mole/litre ml/min
Fasal | o.8l 5.12 | 289 | 0.36
Exercise for min,
* After 15 mins
After next 15 mins.
After next 15 rains.
* After one mile run for 5 min. 30 sec., there is a recovery period of 9 min. 30 sec.
Recovery for min
O 15 30 45 60 75 90 105 120
MINUTES WALKING
Fig. 5. The effect of glucose ingestion on walking at
4 ra.p.h. in the post-absorptive state on the R.Q.
blood sugar and plasma non-esterified fatty
acid in a normal healthy man.
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recovery and gradually decreased to 2.34 m-mole/litre.
Fig 5. shows the ef ect of glucose ingestion during
the walk. Insignificant change was noticed in the
plasma NEFA level. The change was a slight increase
instead of a fall which was expected. Blood glucose
increased at the end of 45 min. The plasma NEFA level
remained more or less at the fasting level of 0.75
m-raole/l up to 45 minutes. Then there was a slight
increase (0.86 m-mole/l) which was increased to the level
of 1.01 at 105 min. Then it maintained the same level
to the end of the experiment (120 min.). The blood
sugar after 45 minutes increased from 3.6$ m-mole/l
to 4.33 m-mole/l. There was then a slow steady rise which
-
was noted a3 5.34 m-mole/l at 105 minutes and remained
so up to the end of the experiment. R.Q. showed





The gradual rise in the concentration of circulating
NEFA with exercise found in the present investigation,
can be attributed to the mobilization of fat. From the
observed R.Q, it can be calculated that about 23-25 g.
of fat was utilised by the subjects. It may be
presumed that the presence of an increased amount of
NEFA in the blood, shows that it is due to the greater
utilization of fat for energy. In the present
investigation there is no evidence regarding the
utilization during exercise. The fall in R.Q. and
lowering of blood sugar may indirectly support the use
of NEFA by the muscles. However, there was no correlation
between the R.Q., blood sugar level and the increased
amount of plasma NEFA. It is thus rather difficult
to conclude that HEFA itself was utilized by the muscles,
from thepresent experimental data. However, there are
some evidences regarding the utilization of NEFA from
the experiments done by others.
Bing and his associates (1954) demonstrated that
the heart extracted a great deal of fatty acids, which
if completely burned could account for about 70,, of
the cardiac oxygen consumption. There is no doubt that
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these fatty acids are laiFA. Gordon and Cherkes (1956),
gave evidence that non-osterified fatty aoids are the
principal type of lipids extracted by the heart.
et al.
Gordon/(1957) has shown that the human forearm usually,
but not always, takes up more fatty acids than it releases.
This suggests that fatty acids are directly taken up
by th8 muscle colls. It is diflcult to swasure
utilization of a substance directly. Measurement has
been made on tho basis of arteriovenous differences,
which reflect the sua of a number of possible effects,
such as deposition into fat depots, release from
depots and uptake by nuscle. However, in vitro work
during electrical stimulation of muscle has shown
utilisation of HtfFA (Fritz et al.. 1953).
Ho other evidence regarding the H&FA level of
plasma during exercise had been obtained, when the
present investigation was done. Much later experiments
.
during exercise wore done by some other workers.
Friadberg ot aj. (i960) showed that 7 rain, after
the start of exercise the mean plasma NdFA in seven
subjects fell from 0,85 to 0,63 a-nole/l, and remained
at this level for a further 8 rain, when the exercise
was stopped. No measurements of plasma H3FA was done
before 15 rain, during the recent investigation. But
at this time in four among the twelve oubjeots the
NBFA level was below the resting level (see Appendix).
34
(I960)
The data of Friadberg at al./indicate that exercise
lowers plasma NSFA, but do not reveal whether it is due
to an acceleration in the utilisation or decrease in the
release from depots. They showed by means of palmitic
acid l-c-^ that there was an accelerated removal of the
NKFA. Also, they observed thatthere was an increase in
plasma concentration of this radio-isotope immediately
after exercise. They suggested there was an increase
in mobilization which supports the observations of
the present investigation,
Carlson and Pernow (1959)» catheterised both femoral
veins in their subjects and then exercised one leg only
on a bicycle for short periods of time. The NSFA
concentration in the plasma from the exercising leg was
in all instances lower than that from the resting leg.
The above observations are all consistent with the
view that the muscles can readily utilise ESFA from the
pla3ma as a source of energy. So, it may be
mobilised in excess of immediate needs and result in a
rise in the plasma NSFA level.
The results of the present investigation lead to the
tentative conclusion that the mobilization of fat is
.
initiated by the factors which create a need for additional
energy production. It is conceivable that the fatty
acids oxidized in the cells of the peripheral tissues
are those fatty acids extractable from the blood stream.
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This is surely too simple a view since it is well known
that lipids of tissues are undergoing turnover at
significant rates.
Though the present investigation and as the work
of others support the view that there is mobilization of
fat in the form of HEFA during exercise, the physiological
factor responsible for this is not definitely known.
An attempt has therefore been made to elucidate the
factor or factors responsible for the mobilisation of







SOMB HORMONAL FACTORS CONCERNED WITH MOBILIZATION OP FAT
In Part I it was demonstrated that within a few
minutes of the start of exercise of moderate severity-
mobilization of fat a3 NEFA occurred. It was thought
that this mobilization might be controlled by the
horm nes as well as by the autonomic nervous system.
Evidence regarding this is given below.
PRM0N4, i^GuyyriqN
ANTERIOR PITUITARY EXTRACT Prom 1925 onwards several
investigators studied the influence of anterior pituitary
on fat mobilization. Best and Campbell (1936) were
the first to demonstrate this influence. They showed
that 3 days following an injection of an extract of the
anterior pituitary gland in normal rats there occurred
a reduction in depot fat followed by an increase in
liver fat.
Weil and Stettan (1947) found that the urine of
fasted rabbits contains a factor which causes fat
accumulation in the liver, when injected into mice.
No such factsr was present in the urine of fed rabbits.
This was named as 'adipokinin'. This could be
concentrated by alcohol precipitate and was extracted
from the precipitate by a method similar to those used
for the extraction of anterior pituitary gland.
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Campbell and Lucas (1951) stated that the reduction in
carcass fat was due exclusively to a reduction in
triglyceride. They could observe no reduction in
cholesterol or cholesterol esters and noted a negligible
change in the phospholipids. They concluded that the
fate of mobilization of fat from adipose tissue, under
the influence of anterior pituitary factor, was
dependent on the triglyceride content of the tissue.
GROWTH HORMONE Lee and Sehaffer (1934) and Young (1945)
have shown that the injection of growth-promoting
anterior pituitary extracts into rats decreases the fat
content of the oarcass. Li, Simpson and Evans (1949)
and Greenbaum (1953) demonstrated similar effects with
purified growth hormone. The lowering of R.Q. and
■
rapid mobilization of fat to the liver after administration
of growth hormone, are evidence that this hormone stimulates
fat metabolism. This war supported by several workers
(Gaebler, 1933; Graeves, Freiberg and Johns, 1940j
,
Greenbaum, 1953).
Weil and Ross (1949) found that doses as low as 100 pg
of purified growth hormone cause a significant increase
-
of liver fat of mice within two hours, and a doubling
of the control level after 7 hours. Li, Simpson and
■
Evans (1949) noted a similar increase when they examined
the effect of acute treatment with growth hormone
(5 mg. administered over a period of 6 hours) in rats
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previously starved for 24 hours. In these animals
the liver fat was increased by 65%. Barrett, Best and
F.idout (1938) and Stetten and Salcedo (1944) have used
deuterium to label the depot fats of the body. They
have shown, from the rate at which deuterated fats
accumulated in the liver after injections of growth
hormone pituitary extracts, that the primary source of
this new lipid was the body depots. Greenbaum and
Mclean (1953) show d that growth hormone causes a rapid
mobilization of the neutral fat fraction. Raben and
Hollenbarg (1958) and Raben (1959) reported that
growth hormone increased NEFA in the plasma.
Engel et al. (1958), Knobil and Greep (1959) and
Wilgram et al.(1959) observed a similar effect on the
mobilization of fat.
Adrenocorticotroohic KQKKOKE (ACTH)
Li et al. (1949) noted that ACTH has a striking effect
on the mobilization of fat in the liver.
Engel ht al. (1957) showed that ACTH possesses an
adipokinetie activity which was quite different from that
of growth promoting and thyrotrophic hormone. They
experimented on rats anaesthetised by pentobarbital
sodium.
kl et al. (1957) noticed that purified "/-corticotropin
results, in addition to other biological effects, in the
mobilization of fat into the liver of fasted mice.
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White and ISngel (1958) reported that thd
incubation of corticotropin with rat adipose tissue in
rat plasma medium resulted in an increase in the
concentration of NEFA in both the tissue and the
incubated medium. This observation suggested that ACTH
Increased the rate of lipolysis of neutral fat within
the cell. This was inhibited by anaerobiosis.
ADRENAL GLANDS
ADRENALINE From 1928 onwards, many investigators found
that adrenaline plays an important role in fat metabolism.
Cori and Cori (1923) concluded from the published
evidences as well as from their own results that fat
was the major fuel for the increased metabolism induced
by adrenaline. Investigations in intact animals
suggest that adrenaline elevated ketone production only
when hepatic carbohydrate metabolism was inadequate,
Clement and Sche^fer (1947; and McKay (1937) injected
adrenaline in normal rats and caused an increase in
liver fat.
Gild&a. and Mann (1936) injected adrenaline to
11 normals and 5 patients, in amount sufficient to
increase blood sugar and blood pressure in the
subsequent two hours. They noticed a moderate, bt
consistent, elevation in the level of serum fatty acids.
In the 9 subjects total fatty acids were increased by as
much as 1 to 2.3 mEq/l.
40
Wool et al. (1954) reported that administration of
adrenaline to demedullated rats restored to normal
the ability to develop a fatty liver following ethionine
administration.
Others showed (Kaplan and Gant, 1955) that
subcutaneous injection of adrenaline in dogs, produced
a hyperlipaemia within 24 hours. This suggests that
adrenaline has an effect on fat mobilization. Pari passu
with an action on fat transport, adrenaline increased liver
lipids (Clement ad 3cha£fer, 1947; Pollack, 1939;
Wertheimer, 1926; Wool et al., 1954) and
reduced adipose tissue lipid (Clement and Sch&ffer).
Dole (1956), Gordon and Cherkes (1956) and
Anfinsen (1956) supported the view of others regarding
fat mobilization. They, however, called attention to
NEFA by showing that it is this fraction which is important
in fat mobilization.
NQRADithr.ii.uIMb Until 1953 no heed was paid to the
function of noradrenaline on fat metabolism. Aujard (1953
showed noradrenaline increased neutral fat but had no
effect on the cholesterol or phospholipid content of
blood.
White and Engel (1958a)recorded that noradrenaline
stimulated production of NEFA from adipose tissue
incubated in vitro.
THYROID GLAMD. Excessive metabolism of depot fat is an
obvious feature of most patients with hyperthyroidism.
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Rich ct al. (1959) showed that injection of 1-triiodo-
thyronine results in the elevation of plasma NEFA
ineuthyroid subjects# The thyroid gland also is thus
concerned in fat mobilization.
INSULIN There i3 much evidence which suggests that
insulin affects lipogenesis. Dole (1956) reported that
after injection of insulin a fall in plasma NEFA occurred.
NERVOUS REGULATION The action of nervous system in the
control of fat deposition and mobilization has been
observed by several workers. Beznak and Hasch (1937a)j
Hausberger and Gujot (1937) and Clement (1947) reported
adipose tissue results in decreased
that denervation orArat deposition and mobilization.
According to Kure, Toshio and 03<inaka (1937) the
sympathetic nerves inhibit fat deposition while the
parasympathetic nerves promote it.
If the nerve supply of the adipose tissue is severed,
no fat infiltration of the liver could be shown. After
complete denervation both fat depletion and mobilization
were reduced. The denervated fatty tissue was found
to possess a reduced metabolic activity (Shapiro and
Wartheimer, 1948).
SOME ADDITIONAL PA? MOBILIZING SUBSTANCES
Stewart and Young (1959) have provided evidence for
the existence of a ketonuria-stimulating substance from
horse muscle. Chalmers, Kekwiek and Pawan (i960)
demonstrated the presence of a fat mobilizing substance
in the urine of fasting human beings.
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THE PRESENT WORK ON THE MOBILIZATION OF FAT
It is known that growth hormone and adrenaline can
be responsible for fat mobilization under certain
circumstances. It was therefore decided to observe
the effect of moderate exercise in patients with
hypopituitarism and after bilateral adrenalectomy.
An opportunity arose to work with human growth
hormone and its effect in one hypopituitary patient
was studied. The effect of insulin on plasma NKFA levels
in diabetic patients with and without ketosis was
investigated.
It is rather difficult to deduce the effect of a
single hormone on cells and enzymes from experiments
conducted in vivo because a secondary action of the
hormone administered is always possible. It was thus
decided to study in vitro the effects on adioose
tissue of various hormones concerned in the fat
mobilization as NEFA. Since growth hormone was found
to have no effect in vitro, further experiments were
carried out on intact rats.
-
CHAPTER H
OBSERVATIONS OH HUMAN SUBJECTS
EFFECT OF EXERCISE OH 13SFA LEVELS III PATIENTS
It is well known that growth hormone helps in the
mobilisation of fat. It was therefore decided to
observe the effect of moderate exercise on the
mobilisation in the form of NEFA in patients with
hypopituitarism.
'
PATIENTS Two patients served as subjects. One of them,
Mr. J.K. aged 53 years had been ODerated on for cystic
epidermoid suprasellar tumour in 1931, at the age of 25.
His pre-oporative X-ray report stated there was a
characteristically enlarged pituitary fossa and some
flakes of calcification of the cyst walls above this.
At this time he had presented with visual symptoms#
After this he remained quite well, until 1954, when
he was admitted to hospital in a drowsy state. A
diagnosis was made of acute lymphocytic choriomeningitis
with hypopituitary coma. In 1955 he was readmitted
with a similar but more severe episode of coma. On
that occasion there was no evidence of meningeal
infection. In 1956 he was admitted in a drowsy state
and was regardedsa being in hypooituitary precoma.
He responded very well to vigorous treatment with
TABLE XIV
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. 23 Subject Miss I. Age 38 yrs. Ht. 160 cm. Wt. 46.8








. 5-73 177 0.78
Exercise for 15 min. 1.21 5.56 717 0.83
o it 30 « 1.50 5.37 725 0.83
n « 45 « 2.05 5.28 711 0.84
» « 60 " 1.92 5.39 740 0.82
TABLE XIII
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. 22 Subject Miss I. Age 38 rrs. Ht. 160 cm. Wt. 46,8







Basal 1.25 5.11 181 0.76
Exercise for 15 min. 1.65 5.11 716 0.84
a n
30 " 1.71 4,61 743 0.82
» ** 45 w 2.05 4.61 748 0.82
« « 60 " 1.91 4.34 707 0.83
Recovery for min.
r" \:I rSt f-m
TABLE XII
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No.^x Subject Mr. J.K. Age 53 yrs. Ht. 157.6 cm. Wt. 78,kg







Basal 1.22 3.78 253 0.97
Exercise fo^cj min. 1.09 3.67 851 0.80
H « 30 « 1.57 3.67 1014 0.81
a h 45 » 1.66 3.07 1021 0.81






Effect of Exercise on the Level of Non-esterifled. Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. pO Subject Mr. J.X. ^Se 53 yrs. Ht. 157.6 cm. Wt. 78 kg








cortisone, glucose and penicillin. In recent years
he has been in reasonable health and earning his living
with 12.5 mg. cortisone daily by mouth. He has a fine
soft skin with deficient hair growth and n eds to
shave only once in two months. Radiographs of the
skull show much enlargement of sella turcica.
The other patient was Miss I. She was aged 33,
has had evidence of pituitary insufficiency since the
age of 17, when her menstrual periods ceased. She is
now maintained on oral administration of cortisone
25 mg. and thyroxine 0.2 mg. daily and is able to earn
her living as a seamstress and enjoys a new sense of
well-being.
PROCEDURE The same procedure was followed as in the
experiments with normals, save that Mr. J.K. and
Miss I. walked on the treadmill at the rate of 2.5 m.p.h.
with an incline of 3% and 2.5^ respectively for an hour.
Blood was drawn at intervals of 15 minutes and the
expired air was collected at every 10 minutes during
the walk, as in the experiments with healthy subjects
described in Part I.
RESULTS Tables XI, XII, XIII, and XIV show the results
of four experiments. The mean plasma level of Mr. J.K.
was increased by exercise from 1,20 to 1.65 m-mole/l.
Just after the first 15 min. of the walk a fall from 1.20
to 1.08 m-mole/l wa3 noticed. At the end of the
experiment it rose to 1.56 m-mole/l. R.ti. remained
45
constant at 0.82 throughout the experiment.
In Miss I., the plasma NEFA level increased from
1.19 to 1.92 m-mole/l. No fall was recorded after
15 rain, as happened in Mr. J.K. Blood glucose fell
from 5.42 to 4.9 m-mole/l. The R.Q. increased i'rora
0.77 to 0.83 but it remained constant thereafter.
The results of these two experiments suggested that
in 3pite of the absence of growth hormone the plasma NEFA
level was increased. One may conclude that growth
hormone is not the only factor responsible for the
mobilization of NEFA.
EFFECT OF EXERCISE OH NEFA LEVELS IN aDREHALSCTOMIZBD
PATIENTS It is known that adrenaline causes mobilization
of NEFA in vitro. It was thought that the absence of
adrenal glands might affect the mobilization. So, the
following experiments were carried out.
PATIENTS Mrs. E., Mrs. D. and Miss R. had undergone
bilateral adrenalectomy for recurrent cancer of the
breast 7, 26 and 54 months respectively before these
observations. They were aged 43, 44 and 56 years. Each
was maintained on cortisone 37.5 to 50 mg. daily by
mouth. They were in reasonable health, two of them
looking after their young families and one being
employed in an office at the time of study.
PROCEDURE This was the same as described above in
hypopitultary patients, except that they walked at the
TABLE XVIII
Effect of Exercise on the Level of Non-esterifled Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No, 27 Subject Miss R. Age 56 yrs. Ht. 156 cm. Wt. 61.6 1







Basal 0.79 4.06 mm 0.86
Exercise for 15 min. 0.84 3.45 858 0.84
m ti 30 n 1.21 3.89 936 0,88
M H 45 " 1.52 4.06 941 0.87





Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blobd and on Oxygen Consumption.
Experiment No. 25 Subject Mr.s D. 43 yrs. 153.7 cm. Wt. 67.0
Exercise yaLk for an hour on the treadmill at 2gt m.p.h. with a 3.5# gradient
NEFA Glucose 0„ used
m-mole/litre m-mole/litre ml/min R.Q •
Bhsal 0.82 3.56 220 0.70
Exercise for
^ min. 1.29 3.89 1327 0.84
h « 30 « 1,64 3.45 1310 0.80
11 11 45 n 1.66 3.22 1297 0.80
<• " 60 " 1.64 3.39 1254 0.30
Recovery for min.
s- 18 11
? « 31 11
TABLE XVI
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. 26 Subject Mrs. E. Age 44 yrs. Ht. 160 cm. Wt. 63..6 1
Exercise waik on the treadmill for an hour at 2^ m.p.h. with a 3.5/S gradient




n n 30 »
n d 45 "
n 0 60 •
TABLE XV
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No, 24 Subject Mrs, E. Age 44 yrs. Ht. 160 cm, Wt. 63,6 1
Exercise ^ ^our wapic on the treadmill at 2^ m.p.h, with 3-% gradient
NEFA Glucose 0„ used
m-mole/litre m-mole/litre mi/min R.Q.
Fasal 0.74 5.2 202 0,72
Exercise for min. 0.73 4.6 1046 0.89
U » 30 H 0.37 5.3 1138 0.91
ft w 45 H mm 6,2 1073 0.90




rate of 2% m.p.h. with an incline of 3.%•
RESULTS Two experiments were done with Mrs. E. There
was no change in the plasma NSFA level in the first
experiment whereas in the second it rose from 0,93
to 1.39 m-mole/l. The blood glucose was estimated to be
5.2 to 5.7 m-mole/l and 3.78 to 4.17 m-mole/l respectively.
The R.Q. was 0.72 to 0.91 in the first experiment and
0.98 to 0.87 in the second. The detailed results of
these two experiments ere given in Tables XV and XVI,
Tables XVII and XVIII show the results of the two
studies on Mrs. D. and Miss R. respectively. In both,
the plasma NEFA level was raised. In Mrs. D. the
increase was from 0.82 to 1.64 m-mole/l and in
MiSs R. was 0,79 to 1.25 m-raole/l. The blood sugar
levels were 3.56 to 3.89 m-mole/l and 4.06 m-mole/l.
respectively. In the latter almost no change was noticed
in the blood sugar levels.
The results reported show that there may be
some hormone other than adrenaline which is
responsible for the mobilization of NEFA during moderate
exercise. (Results published in Suart. J. m>t fhygjol'
4£: I960, 312).
EFFECT OF HUMAN GROWTH HORMONE ON THE PLaSMA LEVEL IN MAN
Evidence has been adduced which suggests that growth
hormone administration produces an elevation of blood
lipid concentration, a mobilization of lipid to the liver,
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increased ketone body production in vivo and in vitro
as vieLI as depression of the R.Q.
Many workers (references are given in Chapter VIII)
have shown that administration of physiological doses
of growth hormone markedly increases the concentration
of plasma NEFA. An opportunity arose to 3tudy the
effect of human growth hormone in a patient with
hypopituitarism*'
PATIENT Miss I., the patient studied during moderate e
exercise, served as the subject for the following
experiment. She was admitted to hospital and ate a
synthetic diet for 40 days. During this period,
human growth hormone was administered. This resulted
in the mobilization of fat, as evidenced by (1) a fall
in the resting value of the R.-i. (2) a rise in the
plasma NEFA level in the fasting state (3) increased
excretion of ketone bodies. The results of the
experiment have been published (J. Physiol. 1959>
148. P39-40).
EFFECT OF INSULIN OH HEFA LEVELS IN THE DIABETICS
Insulin injection in the diabetic patients with
ketosis (Bierman et a!.. 1957, 1958) as well as in
normal subjects (Dole, 1956), causes a rapid fall in the
plasma NEFA leval. No evidence was gathered by these
workers regarding its effect on non-ketotic patients
with high blood 3Ugar levels. As an opportunity arose,
experiments were carried out with two patients, who were
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non-ketotie diabetics.
PATISNT3 Miss H., aged 66, height 157 cm., had noticed
polyuria and thirst 12 months previously. Three
months later diabetes was diagnosed, at which time she
weighed 58 kg. Before admission to the metabolic ward
of the Royal Infirmary a diet providing 1300 calories
daily was prescribed, but she was not given insulin.
She lost 5.5 kg. in weight, was losing more than 100 g.
of glucose daily in the urine and blood concentrations
before her mid-day meal exceeded 15 m-mole/l.
Mrs. MeC, aged 54, height 150 cm., had noticed
pruritus for one year before being found to have
diabetes Wo months before the study. At that time
she weighed only 46 kg. Before admission, a diet of
2000 Gal, was given, but no insulin. She lost 2 kg.,
excreted 80 to 100 g. of glucose daily and her mid-day
blood glucose concentrations ranged from 10 to 12.5
m-mole/l.
Neither patient had ketonuria and no diabetic
complications were present. The evidence of absence
of ketonuria was obtained after their admission to
hospital. The urine was tested with Acetest method
and occasionally a positive result was recorded.
The patients were in hospital for 20 days. No
obs rvations were obtained during the first 8 days,
whilst the subjects became accustomed to their
surroundings and familiar with the experimental routine.
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PROCEDURE For the first 5 days they were fed on a natural
mixed diet and thereafter an artificial diet was
substituted. This diet was a mixture of dried milk
derivatives ("Complan", Glaxo), a vegetable oil
emulsion ("Prosparol", Duncan Flockhart) and glucose.
The gross caloric value of this diet was about 1940
per day. The ingredients for each patient were
weighed out daily, blended with a measured amount of
water and divided into four equal portions which were
flavoured with coffee, raspberry, lemon, vanilla or
peppermint, according to individual preference. They
were served as milk shakes at 8 a.m., 12 noon, 4 p.m.
and 8 p.m. With each of these meals 1.0 g. of sodium
chloride was taken in capsule form.
The patient^ day was spent in four types of
activity. They were in bed just over 8 hours each
night. Every morning they went for a sixty minute
walk. Most of the rest of their day was spent in
sitting activities, reading, knitting, watching
television and in conversation. During the
remainder of their time they were engaged in personal
necessities such as washing, dressing etc.
METHODS
CHEMICAL ANALYSES On the 7th and 8th pre-insulin days
and the 14th and 15th insulin days 20 ml. of venous
blood were drawn from the ante-cubital vein at 8 a.m.,



































8am lOam l2noon 2p.m. 4pm. 6pm
"7lhOk,ij7-8 day
8am. lOam. l2noon2pm. 4pm. 6pm.
141-1 S,hday
6, Blood glucose and plasma non-esterified fatty-
acid level in Miss H# (diabetic patient), on
a synthetic diet, on 7th-8th day before and
14th -15th day (6 days after insulin treatment}
Mrs. McC
BEFORE TREATMENT 6 DAYS AFTER INSULIN TREATMENT
Fig* 7» Blood glucose and plasma non-esterified fatty
acid level in Mrs. McC (diabetic patient) on
a synthetic diet, on 7th-3th day before and
14th-15th day (6 days after insulin treatment.)
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took their meals. Estimation of plasma NEFA was as
described in Part I. Blood glucose was determined
by a method using glucose oxidase (Hugefct and Nixon, 1957).
Glucose estimations were done in the hospital clinical
laboratory.
RSSUL '3 Figs. 6 and 7 show the blood glucose and plasma
NEFA in the diabetic patients. The mean fasting blood
glucose concentrations were 14.7 m-mole/l (Mi.3s H.)
and 8.5 m-mole/l (Mrs. McC). These values fell to
7.5 and 5.4 respectively during insulin therapy. Plasma
NEFA was uninfluenced by insuLin as shown in the Figures.
The mean fasting NEFA levels in Mi3S H. and Mrs. McC
before the treatment were 0,68 m-mole/l and 0.87
m-mole/l respectively. After insulin this became
0,75 and 0,84 m-mole/l .
ADDITIONAL OBSERVATIONS IN TWO OTHER DIABETICS In
addition to tho above mentioned obse vations, the plasma
NEFA levels were recorded in two severely ketotic
patients. These patients responded to insulin in a
similar way to those reported by other workers, i.e.
the blood glucose and the plasma NKFA level both fell.
PATIENTS Mrs. R., aged 39 years, complained of
pruritus 6 months before 3he was admitted to the
hospital (Royal Infirmary, Ward 24). Her own doctor,
whosaw her at that time, prescribed a low carbohydrate
diet. The pruritus was improved, but she began to














11.8.59 8 a.m. 1.47 32.7 + +
12 noon 1.67 29.4 + +
4 p.m. 1.77 25.4
12.8.59 8 a.m. 1.21 .6.7 +
12 noon 1.02 10.5 -
4 p.m. 1.53 17.3
13-8.59 12 noon 0.74 13.0
14.8.59 8 a.m. 0.88



















6.8.59 8 a.m. 1.62 18.2 + +






10.8.59 8 a.m. 0.96 10.2 + +
12 noon 0.83 . 4.6 + +








12.6.59 8 a.m. 0.86 9.5 -
12 noon 0.84 2.7 -
4 p.m. 0.64 4.6
13-8.59 12 noon 0.50 -
14.8.59 8 a.m. 1.01 -
15.8.59 3 a.m. 0.86 -
17.8.59 8 a.m. 0.86 -
12 noon 0.91 -





22.8.59 8 a.m. 0.69 —
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6 months and felt progressively tired. For 6 weeks,
she has had severe thirst, polyuria and her vision
became blurred. Her fasting glood glucose level was
18.2 m-raole/l and the mean fasting plasma NEFA level
was 1.62 m-nole/l on the admission to hospital. The
fasting blood glucose level fell to 9*8 m-mole/l and the
mean plasma fasting NEFA level to 0,88 m-nole/l as a
result of insulin treatment.
Table XIX shows the blood levels of glucose and
NEFA and excretion of ketone bodies by the Aoetest
method at 8 a.m., 12 noon and 4 p.m. As glucose
estimation was at the hospital clinical laboratory,
only a few estimationswere done in comparison tothose of
plasma NBFA.
Mrs, F., aged 69 years, complained of polyuria and
polydypsia for 6 months. Her fasting blood glucose
was 32.7 m-mole/l on admission and after insulin treatment
it fell to 6.7 m-mole/l. The fasting plasma NEFA level
fell from 1.47 to 0.70 m-mole/l. Table XX shows
the blood glucose and plasma NEFA levels and excretion
of ketone bodies.
CONCLUSION The observations on two non-Ice to tic and two
ketotie diabetics suggested that the plasma NEFA level
was influenced by insulin therapy in the latter




The most significant source of NEFA in any
quantitative sense is adipose tissue. It is as important
in relation to fat, as the liver to carbohydrate
metabolism. When incubated at 37°C it releases
NBFA into the surrounding medium, whether this contains
serum or serum substitute (e.g. Krebs medium) provided
'
that serum albumin is present.
METHODS AND MATERIALS Epididymal fat pad from albino
rats of Wistar strain was used. The rats weighed
from 150-250 g. The day prior to the experiment they
were starved for 20-24 hours, only water being given.
Tuorkischer and Wertheiraer (1946), sh wed that after
16-18 hours no glycogen could be detected in the adipose
tissue. At the time of sacrifice in the present
investigations there could thus be hardly any glycogen
in the epididymal fat pad.
The rats were sacrificed by gas. Within five
minutes after their death, the lower abdominal cavity
was exposed after gently displacing the skin. Then,
thin ends of each epididymal fat pad were seized lightly
with smooth forceps, elevated until the main epididymal
vessels could be seen. The adipose tissue -was removed
TABLE XXI
KREBS-RIKGER-PHOSPHATE BUFFER
NaCI (0.9)% 100 ml.
KC1 (1.15)$ 4 ml.
MgSo4.7H20 (3.82)% 1 ml.
*Na2HP04 (0.25M) ) ,
HC1 4 (IN) )
*Na2HP04 and HG1 are made up to 100 ml,













by a single cut across the base just above the level of
these vessels. The tissue was then removed to a Petri
dish containing 0.% sodium chloride solution, in order
to be rinsed free from blood. This solution wa3 at
room temperature (about 20°C).
Usually, before incubation of tissues, ice-cold normal
saline i3 used. It was found in the present investigation
that excessive handling and chilling result in the
diminished liberation of NEFA during incubation. Each
pad was cut into small pieces and each piece was weighed
separately on a previously weighed watch glass. Before
it was placed on the watch glass, its water was blotted
off by means of a filter paper. The object of
weighing the pieces on watch glass is to keep their
weights within a normal range of 90-100 mg. Then,
the piece was transferred to a previously weighed
Warburg's bottle containing medium in the flask and 3erum
albumin solution in the side tube. The piece was
re-weighed along with the Warburg's bottle. This final
weighing gave the actual weight of the piece. Pieces
from the same side were used, if possible. The whole
operation took about 25 rain. The medium was the
Krebs-rRinger -phosphate buffer, the composition of
which is given in Table XXI. (Krebs, 1933, Calcium omitted).
The pH of thi3 solution was adjusted to 7.4 by adding
0.1 N NaoH and checked with a Pye pH meter. The flask
contained 2 ml. of this solution while the side tube
contained 1 ml. of % serum albumin solution in medium.
EFFECT OF TIME ON THE RELEASE OF NEFA FROM ADIPOSE TISSUE
TIME IN MINUTES
Fig. 8. See text
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The bottle thug contained 3 ml, of liquid. The serum
albumin was kept in the side tube until the bottles were
placed in the bath for incubation. It was observed
that as soon as the tissue came in contact with serum
albumin it started to release NEFA. Just before the
incubation was begun, the albumin solution was tipped
into the body of the flask.
Albumin was found to be obligatory for the release
of NBFA. It was also required for lipolysis. In
its absence both release and lipolysis stop. The
serum albumin used in the present experiments was the
bovine fraction V of Armour & Co, This material
contained some NBFA In combination which was estimated
by setting up a 'blank' of serum albumin before
estimation of NNFA released by the incubated adipose
tissue.
Reshef et al. (1958) showed that the capacity of
the mesenteric tissue to release NBFA decreases with
time and ceases after approximately 150 min, incubation.
There was no such report recorded in the case of the
epididymal fat pad. Most workers, however, have done
experiments for 3 hours. Likewise, in the present
investigation, the adipose tissue was incubated for
3 hours. Fig. 8, shows that the maximum release of
NBFA had occurred vrithin 150 min. and did not increase
further up to 180 min. The tissues were incubated
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t under air. o. As the tissue might contain some
preformed NEFA, it was decided to determine the IJEFA
content of tissue which was not incubated. This
preformed NEFA was mentioned as 'Initial NEFA'• It
was estimated as follows. Tissues which were not
incubated, after being weighed on the watch glass were
replaced in beakers containing 3 ml. Kreba-Rlnger-
phosphate-buffer. The beakers and solution were
weighed before and after addition of the tissue. Then
the fluid was filtered through glass wool into
centrifuge tubes. The tissues were then transferred
to dry and clean centrifuge tubes. To each 3 ml. of
5% serum albumin in Krebs-Ringer-phosphnte buffer were
aided and stirred with a glass pipette for 30 sec.
After that, they were left standing on the bench at the
room temperature (about 20°C) for 15-20 min. The
material was again filtered as before. Some of the
tissues after being treated with serum albumin were
homogenized with water and the materials were analysed
in order to find out if there was any IIEFA inside the
tissue after extraction with serur albumin. It was
found that the tissue contained a negligible amount of
NEFA, The process of measurement of tissue NEFA was
therefore discontinued after the extraction with
serum albumin. The filtered samples were left well
corked, on the bench and the NEFA analysed along with the
EFFECT OF ADRENALINE AND NOR-ADRENALINE ON
MOBILISATION OFNEFA FROM ADIPOSE TISSUE
^ig / 3ml. medium
Fig. 9. See text
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incubated materials# All samples were analysed in
triplicate.
EFFECT OF ADRENALINE AND NORADRENALINE
METHODS AND MATERIALS li^ididjmial fat was treated with
1-adrenaline and 1-noradrenaliae. Adrenaline was the
adrenaline chloride solution (IjIOOO 'Adrenalin1) of
Parlce Davis. Each ml. contained 1 mg. adrenaline as the
hydrochloride dissolved in physiological salt solution.
Noradrenaline used was known as 'Levophed' of Bayer
production. Each ml. contains 1 mg. 1-noradrenaline
as the bitartrate.
DOSAGE 15, 30, 60 and 90 jig. were used per 3 ml.
medium. Amounts less than 15 jig/3 ml. produced no
effect. The minimum dose used was therefore 15 fig.
From 15 |pg. to 60 jig. HEFA liberation increased. Above
60 jig. a fall was recorded in the NEFA concentrationsj
no doses above 90 jug. were therefore used.
RESULTS Fig. 9. shows the effects of both the hormones
on the release of NEFA in 5 bo 11 observations. Both
induce a steady rise of NEFA from 15 Jig. to 30 |ig./3 ml.;
a fall was recorded after 60 jig./3 ml. in each of the
hormones. In adrenaline treated tissues the rise was
more pronounced than the noradrenaline treated tissues.
However this power of lipolysi3 by adrenaline as well
as noradrenaline is similar to that of White and Engel
(I95?a) and Gordon and Cherkes (1953). The only
TABLE XXIV
Effect of ACTH on the non-esterified fatty acids
released by epididymal fat in vitro Qumols/iOO nig. tissue/3
Time of ACTH HEFA Eieleabed
incubation (IU/3ai)
0 0 1.93
3 hr. 0 2.47
3 hr. 0.6 2.43
3 hr. 0.9 2.41
3 hr. 1.8 2.50
3 hr. 3 2.45
(mean values for 3 experiments)
TABLE XXIII
Effect of noradrenaline on the non-esteriiied fatty acids






0 0 1.90 ± 0.17
3 far. 0 2.24 ± 0.17
3 hr. 15 2.47 * 0.17
3 hr. 30 2.57 ± 0.40
3 far. 60 2.52 ± 0.21
3 far. 90 2.36 ± 0.20
{all figures mean values ± standard deviation of
5 to 11 observations)
TABLE XXII
Effect of adrenaline on the non-esterified fatty acids
released by epididymal fat in vitro (umo]^lJ0 mg. tissue \ / 3hr.)
Time of i-aarenaline flEEA releasee
incubation (pfc/3 ml.)
0 0 i.75 ± 0.28
3 hrs. 0 2.29 i 0.40
3 hrs. 15 3.04 + 0.6l
3 hrs. 30 3'65 * 1.13
3 hrs. 90 3.12 + 0.94
(all figures mean values ± stanaara deviation
of 9 observations)
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difference between the observations made by these two
groups of workers and the present experiments was that
■was
a failurecorded as the dosage was increased. This
fall might be accounted for by the increased fatty acid
oxidation by the increased amount of the hormones.
The amounts of NEFA liberated from the adipose
tissue by the action of adrenaline and noradrenaline
was 1.75 to 3.65 |i-raoleA00 rag»/3 hr, and 1.90 to
2.57 Ji-moleAOO mg./3 hr. respectively. The
detailed result i3 given in the Tables XXII and XXIII.
EFFECT OF OTHER HORMONES OH MOBILIZATION
C0RTIC0TR0PHIN (ACTIO To note the effect of ACTH on the
adipose tissue, experiments were done with Crookes
corticotrophin powder. ^his can be obtained in vials
containing 10, 25 or 50 I.U. Vials of 10 I.u. were
used in the present experiments. The powder was
dissolved in Krebs-Ringer-phosphate buffer.
DOSAGE The human experiment by Laurell and Christensson
(1958) with 10 I.U. of ACTH suggested that the
following amounts of ACTH might be effective in the
liberation of NEFA from the adipose tissue. The
dosages of ACTH used in the present experiment were
0,3, 0.6, 0.9, 1.8 and 3 I.U.
RESULT Table XXIV records the effects of 3 experiments
done with AGT1I. No change was noted.
TABLE XXV
Effect of cortisone on the unesterified fatty acid
releasee by epiaidymal fat in vitro (^umol/100 mg. tissue/3 nr.)




3 hrs. 0 2.36
3 hrs. 0.75 2.30
3 hrs. 1.5 2.32
3 hrs. 3 rng. 2.39
(mean values of 3 experiments)
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CORTISONE Cortelan (Glaxo) xms used. This can be
obtained in vials containing 25 mg. cortisone acetate
per ml. The amounts added to the medium were as
follows: 0.75, 1.5 and 3 mg./3 ml. medium.
RESULT Table XXV shows the effect of Cortalan in
varied doses. From three experiments, negative
results were obtained.
THYROID GROUP OF HORMONES 3.5.37tri-iodo-l-thyronine
was used. In intact rats 10 jig. of this product
raised the heart rate and oxygen consumption. (Dr. Boyd,
personal communication). As it cannot be dissolved in
water or in the medium, it was dissolved at first in
0,002 N NaoH at room temperature (20°C approx.).
The volume was then made up to the required amount
was
by adding the medium. It/known that these hormones
never worked in vitro, as they work inside the body after
their conversion into a simpler breakd wn product. To
confirm this, one experiment was done with dosages
varying from 0.75 jig. to 3 jig«/3 ml. No effect was
recorded.
GROWTH HORMONE Thie affects the mobilization of fat by
increasing the output from adipose tissue, as mentioned
in the chapter of Introduction p. 37-38. This can be
supported by some of the experimental observations of
other workers. Brown and Banett (1959) measured the
conversion of 14c labelled palmitic acid to ^4Co2 in
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human subjects with and without this hormone. The
percentage of the label appearing as "Co2 was not
changed by the hormone, but as there was a greater
amount of plasma NEFA after the administration of the
hormone, the total conversion of fatty acid to C02 was
shown to be greater after the hormone. Knobil (1959)
incubated adipose tissue removed from hypophysectomized
rats and found an increased release of NEFA from fat
from animals receiving growth hormone. This was
determined by the total amount of NEFA present in the
tissue and medium at the end of incubation. In the
present experiments the effect of growth hormone on
adipose tissue was studied in vitro.
METHODS MID MATERIALS Adipose tissue was used. The
bovine growth hormone (NIH) was obtained from Clinical
Endocrinology Research Unit, Edinburgh and Professor
Wilhelrai (Atlanta). The amount used varied from
0.3 to 3 mg./3 ml. medium. As it is difficult to
dissolve in distilled water (Lazo-Wazwm etal.. 1958) .
it was first dissolved in a drop or two of 0.1 N NaoH,
Growth hormone is soluble either in acid or alkali.
After it was dissolved in alkali, Krebs-Ringer-phosphate
buffer was added to make it up to the required volume.
Most of the workers have failed to find an action of
growth hormone in vitro (White and Engel, 1958bj
Krahl, 1955), but there has been some experiments in
TABLE XXVI
Effect of one sample of growth hormone on the non-esteriiied fatty acids
released by epiaidyinai fat in vitro (umol/100 mg. tissue/3hr.)








which a positive result has been recorded. In the
present investigation, 6 experiments were done with three
different growth hormone preparations. In 5 of these
there was no effect, but in one there was a positive
ef ect, which is shovm in the Table XXVI. The
failure of growth hormone to act in vitro in the two
samples, lead one to think that like insulin age may
be important for the action of the former hormone.
Hagen et al. (1959) showed that insulin fails to work
on the tissue of adult rat. Small young rats
weighing below lOOg. were therefore selected. Even
the experiment carried out with growth hormone in vitro
gave a negative result. The experiments described
in Chapter XI were therefore planned.
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CHAPTER a
EXPERIMENTS OH INTACT RATS
The failure of growth hormone to act in vitro
suggested that intact rats should be used. It was
considered that growth hormone may act through the
intervention of the sympathetic nervous system and that
the absence of the nerves in the excised adipose tissue
maybe concerned with the inactivity of growth hormone.
If the action of tliis hormone depended upon the sympathetic
nervous system, the effect might have been immediate.
Some experiments were therefore carried out to note the
time of action of growth hormone. An increase in
plasma N3FA level four hours after the administration of
the hormone was shown by previous workers.
Raben (1957) reported that after intravenous
administration of 4 mg. of acetic acid extracted
human growth hormone to a bypopituitary patient, no rise
of NEFA was found in an hour, but there was a four-fold
increase after four hours. Ho previous literature is
available concerning the effect before 4 hours.
It was also known that doses of growth hormone from
1 mg. to 5 mg, per 100 g. are effective in a rat, yet
the minimum effective dosage is not known. With these




O 0-5mg Img 2mg 3mg
DOSAGE OF GROWTH HORMONE /
lOOg. BODY WEIGHT.
Fig. 10. Plasma non-estarified fatty acid levels in
fasted rats, after injection of graded doses
of growth hormone per lOOg. body weight after
a period of 4 hours.
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To this end the present experiments were done to
record the time and dosage of growth hormone, which is
effective in the rats,
EXPERIMENTAL ANIMALS Male rats of Wistar strain were
used. The weights of the animals varied from 150-250 g.
They were fed on rat cakes and bread and milk. The day
before the experiment they were starved for 20-24 ho irs.
GR01JTH HORMONE Bovine growth hormone was used as in
tbe in vitro work. It was suggested in 1955, that the
discrepancy in its activity in man might be due to a
species specificity of the hormone (Wilhelrai, 1955)•
Data collected since then support this view. Human
growth hormone was shown to be metabolically active in
man. The species specificity of the hormone is not
confined to man but applies also to some other species.
In general, it can be stated that growth hormone
prepared from pituitary glands of lower animals is
inactive in the higher species, whereas growth hormone
from higher species is active in the lower animals.
Biological testing showed that human and bovine hormones
are equally active in hypophysectomized rats,
EFFECT OF DIFFERENT DOSAGES Growth hormone in doses of
0,25 mg. to 3 mg./lOO g, body weight wore injected
intraperitoneally. Fig. 10 shows the concent ation of
plasma NSFA during a study lasting four hours, 0,5 mg,/
100 g, body weight had a slight effect on plasma NEFA
TIME IN HOURS
Fig. 11. Plasma non-esterified fatty acid levels in
fasted rats, after injection of lmg. growth
hormone por lOGg. body weight at different
time periods.
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level, but 1 mg./lGO g. body weight had a pronounced
effect. The mean NSFA level rose from 0.72 to 1.25
m-mole/l. Details are given in Table XXVII.
The experiments were done with twenty rats,
As there was slight increase only after 0.5 mg. and a
bigger rise after 1 mg. per 100 g, body weight, the
latter was considered to be the minimum effective
dose.
EFFffCf ,0F TIME Oil THE fLASMft. frEjVEfc The
minimum effective amount of growth hor one was injected
intraperitoneally into 16 rats and groups of 4 rats
killed by decapitation at 1 hour, 2 hours, 3 hours, and
4 hours. Four rats served as controls. Fig. 11 shows
the results in 20 rats. After an hour the rise was
insignificant. From two to four hours the plasma NSFA
level was gradually increased being doubled at the
fourth hour. The mean fasting NSFA level rose from
0.69 to 1.35 m-mole/l at 4 hr. after growth hormone
injection. Details are given in Table XXVIII.
CONCLUSION The presence of a long latent period
suggests the effect of growth hormone may not be
















































































































































The experiments of Part I lead to the conclusion
that moderate exercise causes mobilisation of fat
as HEFA. Then the question of mobilization was partly
solved in Part II.
The various factors concerned in mobilization such
as growth hormone, adrenaline, noradrenaline and
insulin did not altogether exclude the idea of one
lipo-kinetic substance.
It is quite certain that adrenaline and noradrenaline
act in the mobilization of NEFA, though moderate
exercise in the bilaterally adrenalectomized patient
showed that it may not be essential. There is much
evidence regarding the effect of adrenaline and
noradrenaline on mobilization cf fat from ndipose tissue
in vitro. Also, there is evidence that the excretion
of Catechol amines (von Euler and Hellnor, 1955;
■
Holmgren, 1956) as well as the plasma concentration of
adrenaline and noradrenaline (Crag and Beetham, 1957)
are increased during exercise. Thus the action of
adrenaline was not completely ruled out. Yet the
action of growth hormone in intact rats shows that it
is not the only lipo-kinetic substance.
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The delayed action of growth hormone after
administration to rats in the present investigation
suggest that this action is not mediated by a release of
adrenaline. The failure of the growth hormone to
work in vitro, led one to think that the absence of
sympathetic nervous supply to the excised adipose
tissue might be the cause. For, Clement (1937) and
Wertheimer and Shapiro (1948) were of the opinion that
the sympathetic innervation of adipose tissue is
important for normal storage and transport.
That the action of growth hormone is not mediated
by a release of adrenaline is also suggested by the
inability of hypophysecbomized monkeys to respond to
exogenous adrenaline by an increase in plasma NEFA
concentration (Goodman and Knobil, 1959),
The failure of growth hormone to act in vitro
as well as the experiments with hypopituitary patients,
.
resulting in the increase of plasma NEFA level during
moderate exercise raise the possibility of some other
hormone being concerned with the high plasma NEFA level.
This does not disprove the action of this
' "
I
particular hormone, for its failure in vitro might be
explained by conversion of growth hormone into a
■
different compound in the body before it exerts 3ome of
its effects (Krahl, 1955). The hormone may also
stimulate the production of other fat-mobilizing substances.
It may stimulate the anterior pituitary gland, for it
,
was found by several workers (references given in the
introduction chapter) that this gland is the agent
responsible for fat mobilization during fasting*'
According to Levin and Farbor (1952) the
•fat-mobilizing hormone1 is not identical with AGTH
as neither ACTH nor cortisone alone was able bo induce
transfer of fat to the liver.
Young and Stewart (1959) mentioned a ketopoietic
substance present in horse muscle.
Recently, Chalmers, Pawan and Kekwick (19&0)
demonstrated the presence of a polypeptide-like substance
in the urine of people who are actively mobilising and
utilising fat. This substance caused transient
hypoglycemia, ketonaemia and increased mobilization
and catabolism of fat in mice, with depletion of body
fat stores. At a concentration of less than 1 ug. per ml.
the material releases non-asterified fatty acids from
rat adipose tissue in vitro. The pituitary gland is
supposed to be concerned with its production. It is
apparently neither growth hormone nor ACTH.
All this evidence, as well as the present
investigation, leads one to conclude that several
factors become active during phases of increased energy
requirements. These factors may be tri gered by one
lipokinetic substance to affect the plasma NEFA
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experiment 2
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blodd and on Oxygen Consumption.
Experiment No. 2 Subject A.B. &ge 32 lit. 160 cm. Wt. 73.2 kg.







Basal 1.26 4.36 202
■
0.80
Exercise for 30 min. 1.76 3.17 966 0.84
n »« 60 w 1.88 3.28 909 0.84
Recovery for min.
1. —- —- -
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EXPERIMENT 5
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and. Glucose in the Blood and on Oxygen Consumption.
Experiment No. 5 Subject R.j.c. 22 Ht* 176 cm. Wt* 70 kg.







Basal. 0.61 4.81 243 0.73
Exercise for pg min. 0.82 5.00 1195 0.78
11 11 30 " 0.76 4.78 1137 0.76
n "45 " 0.86 4.17 1137 0.75







Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment Wo. £ Subject m.H.D. ASe 38 yrs. Ht. 173.3 cm. wt* 65.5tg.
Exercise Walk for an hour at 4 m.p.h. on treadmill




Effect of Exercise on the Level of Non~esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. j Subject ^ g ^ A£e 35 ,^.3
Exercise for an hour 4 m.p.h. on treadmill







Bhsal 0.61 6.06 262 0.90
Exercise for.,- min,15 0.97 5.62 1627 0.86
« « 30 « 0.68 4.00 1506 0.86
8 8 45 8 0.88 5.00 1482 0.85








Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. g Subject 8,.p. Age ^
Exercise 4 miles /hr. for 60 minutes on treadmill







Basal 0.30 4.2 247 0.84
Exercise for min. 0.76 4.1 1195 0.87
n « 30 » 1.16 3.34 1215 0.85
n n 45 n 1.45 3.11 «. —
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EXPERIMENT 9
Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. 9 Subject s.l. ASe 27 yrs. 168 cm. Wt.&j kg.
Exercise Walk for an hour at 3 m.p.h. on treadmill




Effect of Exercise on the Level of Non-esterifled Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No.
Exercise
Subject Age ^ yrg> Ht. l6g ^ wt'65.1 kg.
Walk for an hour at 3 m.p.h. on treadmill
NEPA Glucose 0„ used
m-mole/litre m-mole/litre ml/min R.Q.
Basal 0.67 4.58 mm 0.73
Exercise for min. 1.02 3.89 1193 0.31
« n 30 w 1.19 3.89 1128 0.80
n » 45 n 1.42 4.31 1240 0.75




Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No. pp Subject L.T, -^Se 23
Exercise yalk for an hour at 3 m.p.h. on treadmill









Effect of Exercise on the Level of Non-esterified Fatty Acids in the
Plasma and Glucose in the Blood and on Oxygen Consumption.
Experiment No, ^2 Subject M.B, Age 21
Exercise ^ kour wapk; at 4 m.p.h. on treadmill







Basal 0,84 3.53 290 0.68
Exercise for p^ min. 0,91 3.49 1287 0.80
n » 30 n 1.05 3.40 1137 0.75
« it 45 w 1.98 2.98 1166 0.75







Effect of Exercise on the Level of Non-esterified Patty Acids in the
Plasma and Glucose in. the Blood and on Oxygen Consumption.
Experiment No. pg Subject M.H. 24
Exercise An hour walk at 4 m.p.h. on treadmill







Ehsal 0.73 3. SO 292 0.72
Exercise for jrajln. 0,83 3.54 1333 0.76
* n 30 « - - 1227 0.86
« !* 45 « 0.94 4.15 1218 0.87
n " 60 « I.O89 4.06 123S 0.85
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The effects of a human growth hormone preparation on man.
By A. Bastj, R. Passmore and J. A. Strong. Departments of Physiology
and Medicine, University of Edinburgh, and the Western General Hospital
A primary effect of growth hormone on rats is to act as a specific stimulator
of fat katabolism (Greenbaum, 1953). We have been able to demonstrate this
effect in man, using a human growth hormone preparation. The subject was




















1 2 3 4 5 6 7 8 9 1011 12
Days
Fig. 1 Fig. 2
Fig. 1. Changes in the basal r.q., in the urinary excretion of ketones and nitrogen and in the
level of non-esterified fatty acids in the blood following an injection of a preparation of
human growth hormone.
Fig. 2. Changes in body weight and in the urinary excretion of sodium and potassium following an
injection of a preparation of human growth hormone.
years. After a period of study to establish the diagnosis maintenance
therapy was started with cortisone and thyroxine. Six weeks later she was
admitted to hospital and kept on a constant formula diet, which exactly met
the caloric requirements of a standardized regimen of physical activity. She
continued to take the same doses of cortisone and thyroxine, but no other drug.
After one injection of a preparation of human growth hormone, evidence of



































the r.q., (2) a rise in the urinary excretion of ketone bodies, and (3) a rise in
the level of non-esterified fatty acids in the blood in the fasting state. Associ¬
ated with these changes there was a fall in urinary nitrogen, presumably due
to the sparing action of the increased fat metabolism on protein metabolism.
Figure 1 shows these changes and indicates that they started within 24 hr
of the injection and were at a maximum 3-5 days later.
Changes in the water and electrolyte balances have followed the injection of
growth hormone. There was retention of both sodium and potassium, shown by
falls in urinary output, and also retention of water, shown by a sharp rise in
body weight. Figure 2 indicates that these changes took place in the first
24 hr, and that the extra water and electrolytes were retained for 3 or 4 days
and were then excreted. In addition, after the injection there was increased
excretion of calcium in the urine and a small rise in basal oxygen con¬
sumption.
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